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Abstract
District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
© 2017 The Authors. Published by Elsevier Ltd.
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Abstract 
Renewable and smart grid technologies play a key role in delivering a sustainable energy future for non-interconnected islands. 
In this context, societal acceptance of proposed interventions manifests itself as a major determinant of planned transitions. With 
extant scholarship on public acceptability of sustainable energy technologies focusing on local opposition to wind farms, this 
paper presents timely survey data from the island of Tilos to provide a better understanding of energy-users’ perceptions vis-à-vis 
novel smart island proposals. Against stultifying narratives highlighting the lack of community acceptance for local interventions, 
we uncover: a) the widespread acceptance of sustainable and smart energy solutions, and b) the willingness of a large proportion 
of locals to play their part, as engaged energy prosumers, in a green energy transition. In turn, these findings form the basis for 
future academic and technical interventions on the island, and inform broader conclusions on public engagement around energy. 
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1. Introduction 
The cost of sustaining the energy supply status quo in islands across the globe is significant in financial, social, 
and environmental terms [1]. Subsequently, many islands have transformed into laboratories where optimised energy 
 
 
* Corresponding author. Tel.: +44-789-107-0350. E-mail address: p.stephanides@uea.ac.uk 
250 Phedeas Stephanides et al. / Energy Procedia 159 (2019) 249–254
2 P. Stephanides et al. / Energy Procedia 00 (2018) 000–000 
systems are developed and tested [1-4]. To this end, and although attention has customarily been placed on the 
optimum sizing of centralised RES plants [5-6], the concept of the green or smart grid that lately emerges has also 
attracted the attention of researchers [7-9]. Specifically, practitioners in the field have put forth a myriad of 
suggestions and plans such as continental interconnections, smart microgrid solutions, end-user efficiency measures, 
RES microgeneration, prototype energy storage solutions, and the establishment of energy cooperatives [4; 10-14].  
Nonetheless, emerging research has uncovered a series of hindrances to green or smart energy transitions. 
Amongst others, international experience documents local public opposition towards promoted technological 
innovations as a major determinant of planned transitions [15-19]. For instance, whilst recent research in Greece 
points to exceptionally high levels of acceptability for RES applications [19-24], research across Europe consistently 
highlights a sharp disparity between generally favourable attitudes to energy developments and acceptance of 
planned developments by those groups residing close to proposed project sites [25-26]. In this light, social scientists 
have developed a multitude of conceptual frameworks explaining local social acceptance. For instance, the ‘NIMBY’ 
(not in my backyard) response has been put forth as a construct explaining how locals frequently oppose bearing the 
visual, social, economic or environmental costs of having energy-related infrastructures in their near vicinity – 
irrespective of the fact that society might enjoy the general idea of such infrastructures from a distance [24-28]. 
Furthermore, scholars in the field have conceptualized and empirically validated how personal, contextual, project-
specific and place-related factors shape local acceptance of energy-related interventions [29-33].  
While scores of papers have studied social acceptance of energy innovations [29-33], research continues to suffer 
on an empirical level. Internationally, literature exploring local energy acceptability has overwhelmingly focused on 
local opposition to single wind energy projects [32-34]. Consequently, and with some notable exceptions [35-37], it 
has relatively little to say about support to smart and green grid developments that involve, amongst others: a) a 
redefinition of end-users from passive consumers to managers of their consumption and active ‘co-providers’ or 
‘prosumers’, and b) automated demand-side management (DSM) mechanisms aiming to achieve a balance between 
electricity supply and demand. This tendency is reflected in research on non-interconnected Greek islands. While 
recent studies and interventions move significantly beyond renewable energy production [4; 11], they apply implicit 
and unfounded assumptions about the willingness of locals to live in and be part of green energy systems.  
2. A case-study from Tilos, Greece   
Against this backdrop, this study investigates the levels of social acceptability for novel sustainable energy 
applications, using as a case-study the representative example of Tilos, Greece. Alongside exemplifying the 
problematic status-quo of energy supply for non-interconnected islands, Tilos has recently gained international 
recognition as the Mediterranean epicenter of experimentation with autonomous smart grid technologies [4]. Our 
basic aim is to investigate the degree of acceptability of the TILOS-H2020 project. This involves the installation of a 
800kWe wind turbine, a 160kW PV park, a battery storage unit, smart meters and DSM devices [4]. Additionally, 
given growing interest in consumer engagement with micro-generation and energy efficiency [1; 3-4], we pay 
special attention to the willingness of locals to become an active part of an energy transition.  
Specifically, a questionnaire was administered to collect information about the people from the people. The 
survey was distributed, from door-to-door, between October and November 2016 and its focus moves significantly 
beyond typical technical and economic assessments of island-mode energy innovations [1-12; 38]. This paper draws 
on responses from a representative sample of 226 inhabitants that is capable of informing a statistically significant 
view of local perceptions of sustainable energy technologies, with a ± 3% error margin at the 95% confidence level – 
see the “sample-to-population” ratio adopted in similar studies [19; 27]. Drawing on past research experience [e.g. 
16; 19; 27], each questionnaire had a number of closed-type questions. These focused on: a) public attitudes towards 
the planned installations, b) the willingness of locals to partake in a green energy transition, c) the role of adverse 
energy supply conditions on the island in shaping public attitudes towards green energy, and d) personal and 
demographic attributes that might influence energy-related behaviours and perceptions. The collected data was 
subsequently analysed using standard descriptive statistical tools and significance tests. During this analysis, the 
research team consistently uncovered distinct types of energy-users sharing similar opinions and experiences across 
all questions. As such, an analytical novelty of this research is the application of the two-step clustering technique 
that helped validate homogeneous groups of cases where this grouping was not previously known.  
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3. Results and discussion 
According to the results obtained from across the entire sample, the inhabitants of Tilos are overwhelmingly 
supportive of renewable and sustainable energy technologies – having, as one of their main aims to become 
autonomous in terms of energy. It is indicative that a majority of respondents (82%) have an overall positive view of 
sustainable energy technologies, with only 1% of respondents reporting their objection to such energy innovations 
(Fig.1a). Importantly, and against international experience suggesting a disparity between generally favourable 
attitudes to energy developments and acceptance of planned developments by those groups residing close to 
proposed project sites [e.g. 25-27], the islanders believe, in their statistically significant majority, that an ideal 
energy supply future for their island is mostly based on renewables. This is in line with recent survey findings from 
the central Peloponnesus region (Greece) where ongoing exposure to both a problematic energy supply status-quo 
and emerging RES projects stimulates higher levels of acceptance for green energy technologies [19]. Specifically, 
as Fig.1b highlights, up to 43% of respondents wish a complete shift from the present fossil fuel based system to a 
local micro-grid that is fully supplied by renewables. Moreover, an additional 16% of respondents believe that most 
energy on the island should be provided through an optimised system that mostly comprises of renewable energy and 
storage technologies such as those implemented by the TILOS project in the Livadia area (Fig.1b). 
The prevalence of positive attitudes towards sustainable energy technologies is further validated by responses to 
questions focusing explicitly on the TILOS project. Whilst data was collected prior to the experimental installation 
of the technologies on the island, 45% of respondents had a largely positive understanding of the project – with only 
a negligible 2% of locals citing any doubts (Fig.1c). The prospects of a) ensuring a secure and green energy supply 
and economic growth at the regional level, and b) of achieving cost and energy savings at the household level via 
exploitation of smart meter feedback were among the main reasons cited by those providing a positive evaluation of 
the TILOS intervention. Most respondents (43%; n-sample: 102) treated the intervention as an important step towards 
energy security; as a panacea to the frequent power outages experienced on the island (Fig.1d).  
Figure 1: Public acceptability of sustainable energy solutions. 
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The aforementioned positive attitude towards a sustainable energy transition is further supported by the 
willingness of most survey respondents to play an active role in the local energy system, either in terms of better 
management of their personal energy use or through acceptance of their potential role as energy co-providers. First, 
we recorded an overwhelmingly positive attitude towards the installation of smart meters, with up to 95% of 
respondents willing to accept free installation of smart meters in their home – most of whom were driven by a strong 
desire to reduce their overall energy consumption for either economic or environmental reasons (Fig. 2a). Moreover, 
with novel infrastructural projects demanding far more than passive consent for construction, the fact that most 
respondents are willing to either invest in their own micro-RES technologies (46%), or to accept DSM (52%) is 
reassuring (Fig.2b-c). 
Nonetheless, and as Fig.2b-c highlights, relatively large proportions of the sample were unwilling to play an 
active part in the planned energy transition. For instance, up to 45% of respondents were not willing to invest in their 
own micro-generation technologies – almost universally attributing this to the allegedly prohibitive costs involved in 
installing such technologies at the home in the wake of suspended state subsidies. Furthermore, 46% of respondents 
were unwilling to accept DSM of their devices – claiming that this would act out to the detriment of their respective 
energy user experiences. This near equal split between respondents supporting and opposing these energy 
technologies is further reflected in the findings of the two-step cluster analysis performed (see Table 1).  
 
Table 1. Two-step cluster analysis of findings (Silhouette measure of cohesion and separation: Good; 82% of cases). 
Cluster 1: Potential green energy consumers (46.2%) 2: Potential green energy prosumers (53.8%) 
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Willingness to install micro-
RES 
Importance= 1.00 
Most frequent category: No (100%) 
Importance= 1.00 
Most frequent category: Yes (100%) 
Evaluation of current power 
supply 
Importance= 0.50 
Most frequent category: Adequate (65.1%) 
Importance= 0.50 
Most frequent category: Inadequate (52%) 
Willingness to accept external 
control 
Importance= 0.18 
Most frequent category: No (67.4%) 
Importance= 0.18 
Most frequent category: Yes (72.0%) 
Age Importance= 0.10 
Most frequent category: 41-60 years old (65%) 
Importance= 0.10 
Most frequent category: 41-60 years old (50%) 
No. of devices damaged by 
system imbalances 
Importance= 0.09 
Mean: 0.56 
Importance= 0.09 
Mean: 0.80 
Perception of sustainable 
energy  
Importance= 0.07 
Most frequent category: Positive (86.0%) 
Importance= 0.07 
Most frequent category: Positive (98.0%) 
Ideal energy system for the 
future 
Importance= 0.03 
Most frequent category: Do not know (46.5%) 
Importance= 0.03 
Most frequent category: 100% RES (50.0%) 
Willingness to “green” 
consumption 
Importance= 0.02 
Most frequent category: Yes (53.5%) 
Importance= 0.02 
Most frequent category: Yes (62.0%) 
Gender Importance= 0.02 
Most frequent category: Male (58.1%) 
Importance= 0.02 
Most frequent category: Female (58.0%) 
Willingness to change habits Importance= 0.01 
Most frequent category: Yes (81.4%) 
Importance= 0.01 
Most frequent category: Yes (86.0%) 
 
Specifically, Table 1 reveals two distinct natural groupings of locals. On the one hand, ‘potential green energy 
consumers’ constitute a group of predominantly male, middle-aged locals who are both supportive of sustainable 
Figure 2: Public acceptability of engaged role in a green energy transition for Tilos. 
 Phedeas Stephanides et al. / Energy Procedia 159 (2019) 249–254 253 P. Stephanides et al. / Energy Procedia 00 (2018) 000–000  5 
energy technologies and willing to “green” their personal consumption. Nonetheless, these individuals: a) are 
unwilling to accept DSM and prosumption practices, and b) remain largely uncertain of what an “ideal” energy 
future for Tilos might entail. On the other hand, ‘potential green energy prosumers’ constitutes a group of primarily 
female, middle-aged locals who are more radically “green”. They are willing to “green” their personal energy 
consumption and are supportive of both large-scale energy innovations and of technologies such as micro-RES and 
DSM. From information available at the time of data collection, it appears that personal experiences and 
interpretations of energy supply exercise a pivotal influence on the desired societal role within a sustainable energy 
transition, ranking as the second most influential input in our model. Confirming the importance of energy security 
for islands [cf. 8], prospective prosumers felt that the energy supply status quo of Tilos was far more problematic 
than prospective green consumers – arguing that a green transition cannot solely rely upon centralised interventions. 
 
4. Conclusions 
Whilst public opposition has been widely discussed as a barrier to sustainable energy interventions [17-21], the 
findings presented in this paper largely challenge extant scholarship. According to the survey findings, local public 
attitudes towards renewable and smart energy technologies are largely supportive of the green energy transition 
initiated through the TILOS project, with most of the respondents recognizing the possible benefits of transitioning 
to a sustainable energy system. Nonetheless, broad acceptability of such technologies does not equate to universal,  
unconditional acceptance of all long-term interventions put forth by the research consortium. This holds particularly 
true for possible interventions such as RES micro-generation and DSM that involve the active involvement of the 
consumer, where there we recorded nearly equal levels of support and opposition to such proposals.  
In this light, we put forth the core argument that there are two statistically validated clusters of locals: a) those 
supportive of a green energy transition but largely unwilling to actively support this, and b) those who are willing to 
take a far more active role in this transition by becoming involved energy prosumers themselves. As part of this 
narrative, we also put forth the core hypothesis that subjective experiences and evaluations of the energy-supply 
status quo influence the type of acceptance to green energy solutions. In simpler terms, we suggest that the more an 
individual perceives to have been exposed to the problematic elements of energy supply in non-interconnected 
islands, the more likely (s)he is to accept an energy prosumer role in the future. However, to fully corroborate this 
hypothesis, further research is necessary. Specifically, with extant scholarship on public perceptions of sustainable 
energy technologies suggesting that a diverse array of personal, contextual, project-specific and place-related factors 
influence levels of public acceptability [25-32], the research team also intends to administer a second questionnaire 
survey on the island of Tilos. This will focus on: a) the determinants of public acceptability, and b) the impacts first-
hand experience of the project might have had on the local population and their attitudes. By further quantifying and 
qualifying support to the TILOS intervention, further work of the authors in this field is dedicated to developing a 
360° snapshot of public perception of sustainable energy solutions. This will in turn inform a socio-technical, best-
practice model seeking to transfer our experience to other non-interconnected islands in Greece and beyond.  
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